Abstract Various species of raptors, or birds of prey, have been found living and hunting in all parts of the urban environment, including complexes of business and light industrial facilities, commonly known as business parks. Conservation in business parks is a growing concern due to the amount of land they occupy and their pattern of development of formerly vacant land on the fringes of urban areas. We conducted call-broadcast surveys for raptors at a set of 155 survey points within the business park landscape of the St. Louis area to answer the question of what landscape characteristics of business parks are predictors of presence of raptors. The detection data from these surveys was used to model the occupancy probability of the target species of raptor at each survey site and to determine the effect of landscape variables at each site on occupancy probabilities. We detected nine species of raptors at business parks. The red-tailed hawk (Buteo jamaicensis), the American kestrel (Falco sparverius), and the Cooper's hawk (Accipiter cooperii) were the most commonly detected species. The probability of raptor occupation was negatively associated with lawn cover. Occupancy probabilities of red-tailed hawks and Cooper's hawks were positively associated with woodland cover, and American kestrel occupancy probability was positively associated with grassland cover. Based on this study, we would recommend that businesses concerned with the conservation of raptors in and around their properties plan to develop less lawn area, preserve or plant more native grassland, and preserve woodlots.
Introduction
Over the last 30 years, wildlife managers and ecologists have paid increasing attention to birds of prey living in human-dominated landscapes (Bird et al. 1996) . Birds once thought to be too secretive and sensitive to disturbance to live in urban areas such as the Cooper's hawk (Accipiter cooperii) (Boal and Mannan 1998; Roth et al. 2008) , the red-shouldered hawk (Buteo lineatus) (Rottenborn 2000; Dykstra et al. 2001 Dykstra et al. , 2009 , and the northern goshawk (Accipiter gentilis) (Rutz 2003 (Rutz , 2006 (Rutz , 2008 have been found in cities big and small. Nest success in urban raptors does not appear to be less than their rural counterparts (Dykstra et al. 2000; Rottenborn 2000; Stout et al. 2007) , and has sometimes been found to be higher (Parker 1996; Stout et al. 2006b ). Despite the potential hazards of an urban landscape: collisions (Roth et al. 2005; Rutz 2003) , toxins (Septon and Marks 1996) , and disease (Boal and Mannan 1999) ; no significant difference was found in mortality of adult male hawks between urban and rural areas in Wisconsin (Rosenfield et al. 2009 ).
Raptors have been observed in urban parks (Bielefeldt et al. 1998; Roth et al. 2005 ), residential areas (Bielefeldt et al. 1998; Rottenborn 2000; Rutz 2003) , and school grounds and business complexes (England et al. 1995; Mannan et al. 2006) . While raptors are known to use urban habitats and take advantage of the prey base found in cities (Estes and Mannan 2003; Roth and Lima 2003; Rutz 2008) , little is known about the sorts of habitat in which they nest and forage, or the effects of human land use on their habitat selection.
Although business sites generally do not preserve pristine ecological condition on the lands they use, biodiversity conservation on such land has emerged as a major concern among businesses and governments in Europe and America. Many corporations, under the aegis of organizations like the Wildlife Habitat Council (WHC) in the United States (Cardskadden and Lober 1998) , and the British Trust for Ornithology (BTO) in the United Kingdom (BTO 2010) have engaged in habitat improvement programs on their corporate landholdings. WHC participants have reported improved employee morale and better relations with their local communities and governments (Cardskadden and Lober 1998) . Robbert Snep (2009) found that while business parks generally support lower avian biodiversity than residential areas and green space parks, business parks can contribute to the overall biodiversity of an urban ecosystem by the presence of undeveloped land or deliberately designed aspects of business park construction, such as green roofs on the business buildings. As predators near the top of the food chain, raptors represent potential flagship species of urban wildlife conservation and an indicator of the quality of habitat in business parks (Sergio et al. 2006) .
In order to further record the adaptation of raptors to urban habitats in the United States, and to build on the species base of previous studies on biodiversity in business parks, we decided to study raptors in business parks in the St. Louis metropolitan area. We targeted five species based on their abundance in the area as gauged by the number of individuals of each species admitted to the rehabilitation program at the World Bird Sanctuary in southwest St. Louis County in the year 2010 (Holloway 2011) and our own personal observations in the study area in the summer of 2011. The five species are the red-tailed hawk (Buteo jamaicensis), the redshouldered hawk (Buteo lineatus), the Cooper's hawk (Accipiter cooperii), the Mississippi kite (Ictinia mississippiensis), and the American kestrel (Falco sparverius). Our goal in this study was to address how business parks can be managed and designed to incorporate raptor habitat. This goal led to two research questions: (1) What is the abundance and species composition of raptors in the business park landscape in St. Louis? (2) What landscape characteristics of business parks are predictors of presence of raptors and individual raptor species?
Methods

Study area
We conducted our study in St. Louis City, St. Louis County, and St. Charles County, Missouri. The area has a human population of about 1,681,912 (U.S. Census Bureau 2010). The climate is humid continental. General land use includes high-density urban development in St. Louis City, lower density residential, commercial, and business development in the suburban areas of St. Louis County and St. Charles County, and agricultural land primarily in the northern and western portions of the study area. Remnant and regrowing forest patches consisting of oak (Quercus spp.) and hickory (Carya spp.) occur in central and southern St. Louis County, northern St. Charles County, and along the bluffs of the Missouri River in St. Louis and St. Charles Counties (MSDIS 2010).
Survey site determination
We defined a business park as an area controlled by one or more businesses or companies and devoted to administrative functions and/or information processing (offices), production of goods (light industry), storing of goods for distribution (warehouses), research and development, or some combination of the above. Business parks contain areas that are developed with buildings and parking lots as well as area not built on or paved over. Non-built-up land is either landscaped for aesthetic purposes or left to pre-existing vegetation and may include vacant plots either designated as common grounds or available for potential future development (Grunkemeyer et al. 2008; Snep 2009 ).
To create a study area for sampling the urban raptor population on business parks, we produced a map layer in ArcMap 10 (Environmental Systems Research Institute, Redlands, CA, USA 2012) consisting of land parcels in the three-county study area occupied by business parks. To generate a set of points for surveys, we created a grid of points that covered the threecounty area. We spaced points 500 m apart to obtain a favorable number of survey points within business parks and ensure independence between potential sightings at each point. We clipped this grid to the boundaries of the business park parcel layer, and closely examined the resulting layer point-by-point to determine appropriate survey locations. We moved survey location points up to 100 m from their original location on the grid in order to place them in appropriate locations away from buildings to ensure favorable sightlines, as long as this did not place the moved point within 500 m of any adjacent points. Points that could not be sufficiently relocated under these guidelines were deleted.
Finally, we attained permission from each business whose property contained a survey point to access their land for raptor survey purposes. Points for which permission could not be obtained were deleted. We placed a total of 155 survey points for collection of raptor presence data (Fig. 1) . We made a concerted effort to capture as much of the business park landscape in St. Louis as we could and to place points in a mostly random fashion. Due to access issues, some degree of opportunism in point selection was unavoidable, but we were still able to place points in all of the major areas of business park penetration in the three-county study area and we do not believe that lack of access to certain places biased survey point placement unduly.
Raptor surveys
We conducted a pilot survey in July 2011 of 71 points to assess project logistics and detected 15 raptors of all of the target species except for the red-shouldered hawk. We added the Mississippi kite to the list of target species, having detected individuals of that species twice in the survey area, and added variables to the set of environmental variables collected at every survey point (see Collection of Detection Variables below) based on our observations. We counted birds on the study area from 15 March to 3 July 2012 during the general raptor breeding season, during which time the population is assumed to be closed (Mackenzie et al. 2006) . We surveyed 150 survey points once per month for a total of four times each, and we surveyed five points only two or three times due to access issues. This survey allocation was developed in accordance with the protocol of attempting to detect birds that are sparsely dispersed on the landscape, but relatively conspicuous when present (MacKenzie and Royle 2005) . Surveys were conducted between sunrise and about 6 hours after sunrise, except during times of steady rainfall, fog, or winds of greater than 3 on the Beaufort scale (20 km/h) (McLeod and Andersen 1998; Stewart et al. 1996; Henneman et al. 2007) .
We used broadcast surveys to locate raptors in the study area (Mosher et al. 1990; Bosakowski and Smith 1997; Henneman et al. 2007) . At each designated survey point, we broadcast the following audio via portable stereo speakers: 3 minutes of silence, 30 seconds of the alarm call of each of the five species separated by 1 minute of silence, and a final two-anda-half-minute silent period, for a total of 13 minutes per survey. We held the speakers at a height of about 2 m and rotated the speakers through a full 360°circle of orientation through each species call. Species calls were ordered from the smallest raptor species to the largest raptor species in order to avoid potential inhibition of response from smaller species by the call of larger species that could be predators of the smaller species (Bosakowski and Smith 1997) . We recorded all detections of any raptor species seen or heard within 500 m of the survey point during the 13 minutes of the survey.
Collection of detection variables
We collected the following survey-specific environmental variables thought to relate to raptor detection probability at each survey: the date the survey took place (expressed as Julian date); time of day that the survey took place (expressed as minutes since sunrise); temperature (estimated with help from local weather reports accessed via cellular phone); percent cloud cover, wind speed (Beaufort scale), ambient noise, and level of visibility (Conway et al. 2008; Berthiaume et al. 2009; Dowling et al. 2011) .
To document ambient noise, we gave each survey a subjective noise level from 1 to 3 where 1 was relative quiet with only distant traffic and other noise, 2 was noise of nearby traffic or machinery or occasional traffic adjacent to the survey point, and 3 was constant traffic or machinery noise from directly adjacent to the survey point.
We recorded a level of visibility from each survey point, based on how much of the view of the surrounding landscape was blocked by nearby vegetation and/or buildings. This variable was created by taking photographs at each survey point facing each of the four cardinal directions, and viewing those photos on a computer screen. We created a paper mask with five one-inch holes evenly spaced along a line just above the horizon and placed it on the computer screen to view each photograph. We counted the number of holes in which the distance to the nearest obstruction of view exceeded 100 m and averaged this count over the four photographs to generate a visibility level between 0 (low visibility of the surrounding landscape, many nearby obstacles) and 5 (high visibility of the surrounding landscape) (Hogg 2013) .
We designed the raptor surveys to minimize the potential effects of survey-specific variables such as time and weather. We performed repeat surveys at given points at different times of the morning to reduce potential bias related to time of day and also noise levels, which were generally lower in the early morning due to lower levels of human activity.
Calculation of landscape variables
We measured landscape variables that may correlate with raptor presence within 500 m buffers (survey plots) drawn around every survey point. The plots were sized at 500 m of radius to minimize overlap between plots. We used aerial imagery from the US Department of Agriculture's National Agriculture Imagery Program (MSDIS 2010) to delineate discrete patches of eight different land cover types: building, pavement, lawn, grass, trees, woodland, commercial, and residential ( Fig. 2) .
In each plot we measured: the proportion of the plot covered by each cover type; the mean patch size of grass, tree, and woodland patches; and the edge ratio of grass and woodland cover types (the total length of edges of all patches of a certain cover type divided by the total area of all patches of that cover type). Descriptive statistics for all landscape variables can be found in Table 1 .
Modeling habitat associations
We used the detection data for each site during the survey season to construct models of detection probability and occupancy probability in a two-stage information theoretic modeling approach (MacKenzie et al. 2006; Hansen et al. 2011 ). In the first stage, detection probability for each survey was modeled, and in the second stage, occupancy probability at each survey point was modeled while incorporating the detection variables identified in the best fitting model from the first stage.
In both stages, we tested the same set of candidate models with four different data sets: detections of any of the five target species, detections of the red-tailed hawk, detections of the American kestrel, and detections of the Cooper's hawk. We chose to model an all-species data set in order to see if there were any effects of landscape variables on the guild of diurnal raptors, which typically constitutes an apex predator guild. We analyzed candidate models with the program PRESENCE 5.3 (United States Geological Survey and Patuxent Wildlife Research Center 2012) and ranked them using the Akaike Information Criterion, with correction for small sample size (AIC c ). In the first stage, we modeled detection probability (p) with the detection variables that were measured at every survey: time of day, time of year, temperature (estimated), cloud cover, wind speed, noise level, and visibility level. We added an additional interaction variable, date*temp, to the analysis to test the hypothesis that the effect of temperature on detection probability changed as the weather got warmer from spring to summer. These variables were entered into a forward stepwise procedure for determining a set of candidate models (Duren et al. 2011) . We used this approach in order to give each variable equal consideration at the outset and keep or discard them from the set of candidate models based purely on how well they fit the data.
In the second stage, we created a set of candidate models to test the effects of the measured landscape variables on the variation seen in occupancy (ψ) among survey sites, given the modeled detection probabilities (Kroll et al. 2007; Henneman and Andersen 2009; Hansen et al. 2011) . We grouped variables together in candidate models to test hypotheses on whether raptor presence was associated with broader patterns of land cover. We hypothesized that having more developed and cleared space (lawn and pavement) would negatively affect raptor presence (Bosakowski and Smith 1997; Stout et al. 2006b, Ward and Mannan 2011) , having more open space (grass and lawn) might positively affect presence of some raptors and negatively affect others (Stout et al. 1998, Boal and Mannan 1998; Smallwood and Wargo 1997) , and that having more natural land cover (grass and woodland) in general (Bosakowski and Smith 1997; Stout et al. 2006b ) and tree cover (trees and woodland) in particular (Bloom and McCrary 1996; Mannan 1998, Henneman and Andersen 2009 ) would be a positive influence on raptor presence. We also created models with the average size of each patch of the three natural cover types (grass, woodland, and tree), and the overall edge ratio (perimeter/area) of these cover types in order to test whether large areas or lots of interior habitat of these cover types had positive effect on raptor presence and should be planned for in business park development (Bosakowski and Smith 1997; Miller and Hobbs 2002; Smallwood and Wargo 1997; Snep 2009 ). The candidate set also included: models testing the effect of proportion of building, commercial, and residential cover; a null model with all landscape variables held constant; and a fully-parameterized global model with all landscape variables included (Table 2) . Table 2 The set of a priori candidate occupancy models created to test the association of measured landscape variables on the probability of occupancy of each survey plot by raptors
Model
Description
Open space model (% of plot covered by grassland and lawn) ψ (grass+wood) Natural space model (% of plot covered by grassland and wood) ψ (lawn+pav) Cleared space model (% of plot covered by lawn and pavement) ψ (tree+wood)
Trees model (% of plot covered by street trees and woodland) ψ (grassav+woodav)
Average size of natural patches (grassland and woodland) ψ (treeav+woodav)
Average size of tree patches (street trees and woodland) ψ (grassav+woodav+treeav)
All average size variables (grassland, woodland, trees) ψ (grasser+wooder) Edge ratios of natural patches (perimeter/area)
We estimated the goodness of fit for the candidate models by calculating the Pearson's chi-square statistic (χ 2 ) for the global model (MacKenzie and Bailey 2004) . We also calculated the overdispersion parameter (ĉ) over 1000 parametric bootstraps of the occupancy data in program PRESENCE. A ĉ value of near 1 was considered to denote a good model fit of the data. A ĉ value of over 1 indicated that the data were overdispersed, or that there was greater variation exhibited in the observed data than in the expected data from the global model given the observed habitat data. In cases where ĉ was greater than 1, the ĉ value was used to adjust the AIC c scores into quasi-Akaike, or QAIC c scores. The Akaike weights were adjusted accordingly, and the model coefficient standard errors were inflated by a factor of the square root of ĉ to account for the greater variance seen (Mackenzie et al. 2006) .
To account for model uncertainty, we calculated model-averaged linear regression coefficient estimates for the variables in the set of models that contained 90 % of the total Akaike weight of the candidate set to determine which parameters most significantly contribute to variation in detection and occupancy (MacKenzie et al. 2006; Hansen et al. 2011) . Odds ratios were calculated from these coefficient estimates and confidence intervals were calculated around these odds ratios to determine which variables in the 90 % model set had a significant effect on occupancy probability. Odds ratios were considered significant if their 90 % confidence interval did not include 1, as an odds ratio of 1 would indicate that the variable has no effect on occupancy probability.
Results
Detections
We detected raptors at 99 of 155 survey points, and counted 224 raptor detections over the course of the field season. Eleven raptor species were detected during the Table 3 Total number of birds detected from 15 March to 3 July 2012 by species, number of survey points at which birds were detected by species (out of 155 total), and naïve occupancy rates (number of points detected at divided by total number of survey points) by species Species (Table 3) . Birds of the five target species were detected at 93 points. The redtailed hawk was detected at least once at 61 points, the American kestrel was detected at 37 points, and the Cooper's hawk was detected at 20 points. The Mississippi kite and red-shouldered hawk were both detected at only 2 points, and were dropped from consideration for individual species modeling, but their detections were counted in the total for all target species for which calls were broadcasted. Other raptor species detected at least once were the peregrine falcon, the northern harrier, the sharpshinned hawk, and the bald eagle.
Detection models
The most supported detection model for the all-targeted-species detection data incorporated date, temperature, and visibility (P-value: 0.2607, ĉ=1.1979). Detection probability was positively associated with temperature and visibility, and negatively associated with date, meaning that detection probability was higher early in the season. The most supported model for the red-tailed hawk analysis incorporated the date*temp interaction and visibility (P-value=0.2777, ĉ=0.9888). Detection probability was positively associated with visibility and negatively associated with date*temp for the red-tailed hawk. The most supported model for the American kestrel was the temperature model, in which detection probability was positively associated with temperature (P-value=0.3357, ĉ=0.9932). Detection probability of Cooper's hawks was negatively associated with noise level and visibility, and the global model showed good fit to the data (P-value=0.2957, ĉ=0.6181) ( Table 4 ).
Landscape models
The top model for predicting occupancy of business parks by all the target raptor species was the cleared space (lawn and pavement) model (Table 5 ). Occupancy by individuals of the five target species was most strongly and negatively associated with the amount of lawn present on a survey plot (P-value=0.1548, ĉ=1.1863). Lawn was present in the top two models accounting for 64 % of the total Akaike weight of the candidate set. Three other variables: pavement, grass, and residential, appeared in the top 90 % model set. Occupancy probabilities of the five target species were negatively associated with the amount of lawn and pavement and positively associated with the amount of grass and residential habitat. Only lawn had an odds ratio significant at 90 % confidence (Table 6 ). According to the models, the probability of raptor occupancy decreases by about 12 % with each 5 % increase in lawn cover (Fig. 3 ). The trees model (trees and woodland) was the top performing model in the red-tailed hawk analysis. Amount of woodland was the most important predictor of occupancy probability, appearing in the top two models (P-value=0.1568, ĉ=1.2610) ( Table 5 ). The amount of woodland, commercially developed land, and lawn variables were significant at the 90 % level (Table 6 ). Occupancy probability was positively associated with trees and average size of woodland patches, and negatively associated with lawn and commercial. The probability of red-tailed hawk occupancy increases by about 20 % with each 10 % increase in woodland cover (Fig. 4) . The natural cover model was the top model in the American kestrel analysis, though the two variables in the model (grass and woodland) had opposing effects. Grass was identified as the most important predictor of occupancy in the American kestrel analysis, appearing in the top two models (P-value=0.0849, ĉ=1.7042) ( Table 5 ). The associations of grass and average grass patch size with kestrel occupancy were positive, and the model averaged odds ratio for grass was significant at the 90 % level (Table 6 ). The probability of American kestrel occupancy increases by about 12 % with each 10 % increase in grass cover (Fig. 5) . Occupancy probability was also positively associated with average grassland size, and negatively associated with woodland.
The top models for the Cooper's hawk analysis all did not converge on maximum likelihood, most likely due to the small sample size of Cooper's hawk detections (Table 5) . We discarded the models that did not converge and recalculated a 90 % Akaike weight set and model averages for the remaining landscape variables (Table 6 ). The top performing model in this set was the residential model (P-value=0.5784, ĉ=0.5452) .
Discussion
This study was undertaken to determine the presence and composition of raptors in St. Louis-area business parks and to determine the landscape characteristics correlated with raptor presence. Our field observations showed that raptors are present in significant numbers around business parks in St. Louis. While the ways in which raptors use such habitat was beyond the scope of this study, we found nesting in two sites and observed hunting behavior. The red-tailed hawk and the American kestrel were detected most often, while the Cooper's hawk was also present in significant numbers. A couple of less-expected species, the peregrine falcon and the northern harrier, also were present in the study area. Whereas the red-shouldered hawk (Dykstra et al. 2001; Rottenborn 2000) and the Mississippi kite (Parker 1996) are known to inhabit urbanized environments, we did not find many of either species. The red-shouldered hawk is known to prefer mature forestland (Bosakowski and Smith 1997; Henneman and Andersen 2009) , and the Mississippi kite is near the edge of its known range in St. Louis (Parker 1999) .
Avian surveys are typically performed in the hours immediately after sunrise to catch certain guilds of birds at their most active (Bibby et al. 2000) , but in this study, Table 5 The occupancy models (90 % of total Akaike weight) from the analysis of the detection data, ranked by the Aikake information criterion (AIC) or quasi-AIC adjusted for ĉ value if necessary. ΔAIC is the difference in AIC value from the top model. Each model includes the detection variables from the top detection model (see Table 4 183.14 3.16 0.090 6 171.14 * Cooper's hawk analysis excludes models that did not converge on maximum likelihood detection probability was only weakly correlated with time of day and usually in a positive manner, suggesting that the raptors are more readily detected later in the morning. In the case of the smallest raptor in the study, the American kestrel, temperature was the most important variable, showing positive correlation with detection probability. The date*temp interaction variable showed negative correlation with detection probability in the red-tailed hawk, suggesting that detection probability was positively correlated with temperature early in the season and negatively correlated late in the season, which would be in line with both avoidance of excessive cold and excessive heat. The visibility index was positively correlated with detection probability in the red-tailed hawk, but negatively correlated with detection probability in the Cooper's hawk, possibly owing to the high amounts of tree cover in survey sites with Cooper's hawk detections. Noise level only seemed to affect detection probability with the Cooper's hawk. While analyzing all target species together can cancel out habitat preferences that differ between species, overall habitat associations in a bird guild can still emerge. The top model in the target species analysis was the cleared space model, which shows that as the proportion of extensively modified land (lawn and pavement) goes up, the probability of raptor presence goes down, as hypothesized. Lawn was found as a negative indicator in all the individual species analyses as well. The negative effect of lawn is even larger than that seen in the amount of pavement in survey plots despite the greater variance in pavement amount across the study Fig. 3 The influence of the proportion of the survey plot covered by lawn on the predicted occupancy probability of any of the five target species of raptor with 90 % confidence interval, calculated using the model-averaged coefficient for lawn cover from the top models containing the lawn variable Fig. 4 The influence of the proportion of the survey plot covered by woodland on the predicted occupancy probability of the red-tailed hawk with 90 % confidence interval, calculated using the model-averaged coefficient for woodland cover from the top models containing the woodland variable area (lawn proportion ranges from 0.4 to 30.8 %, while pavement proportion ranges from 1.6 to 52.3 %). The typical American lawn as seen around residences and in business park space, with its plant monoculture and simple structure, tends to support less biodiversity than other areas with more naturally occurring plants and more complex vertical structure (Bormann et al. 2001; Marzluff and Ewing 2001) .
The red-tailed hawk is well-known as a widespread species in mixed open and wooded areas (Bock and Lepthien 1976; Bednarz and Dinsmore 1982; Bosakowski and Smith 1997) , and this study is consistent with those perceptions. The overall trees model was the top model in the red-tailed hawk analysis, and the second most supported model, the natural cover model, also featured woodland. Stout et al. (2006a) found more woodland habitat in areas with red-tailed hawk nests than in unused habitat in urban Milwaukee. Red-tailed hawks are known to frequently hunt from perches (Janes 1985) , and tree cover has also been shown to positively influence distribution of red-tailed hawks in the desert grasslands of southern Arizona where human settlement has caused invasion of mesquite trees (Hobbs et al. 2006) . In this study, red-tailed hawks occurred throughout the study area, but were noticeably scarcer in the largely treeless parts of the study area.
The kestrel was the most common raptor in the more open parts of the study area, and the performance of the natural cover model reflects this. Grassland was a positive predictor of kestrel presence, and woodland was a negative predictor. In the open areas, we often observed kestrels in pairs or, later in the season, with fledglings, suggesting nearby nesting. This is in line with other studies of preferred habitat among American kestrels in Pennsylvania (Rohrbaugh and Yahner 1997) , and Missouri (Toland 1987) for nesting and hunting. While the American kestrel is a cavity-nesting species, in this study it was negatively associated with woodland and non-woodland tree cover, as in Smallwood and Wargo's (1997) study of kestrels in New Jersey. There is evidence that American kestrel numbers have been decreasing in recent years in the Midwest (Farmer and Smith 2009) , so preserving or planting native grassland on business sites could be important to this species. In addition, placement of kestrel Fig. 5 The influence of the proportion of the study area covered by grass on the predicted occupancy probability of the American kestrel with 90 % confidence interval, calculated using the model-averaged coefficient for grass cover from the top models containing the grass variable nest boxes can often increase kestrel numbers in an area (Toland and Elder 1987; Smallwood and Collopy 2009) .
The top models in the Cooper's hawk analysis did not converge, and therefore we declined to draw inferences about habitat associations from them. In the top remaining models, Cooper's hawks showed positive associations with residential area and trees and woodland, and negative associations with commercial development, grassland and lawn. Most residential areas in St. Louis have substantial tree cover and might also harbor healthy populations of the small birds that Cooper's hawks prey upon in urban landscapes (Estes and Mannan 2003; Roth and Lima 2003) Cooper's hawks were also generally absent from areas with lots of open grassland in large patches. Having a larger sample size of detections to study would likely lead to stronger conclusions about habitat.
The size and shape of habitat patches did not seem to matter as much as the total amount of such habitat in the survey plots. Raptors are generally far-ranging and occur at low population densities on a landscape. Red-tailed hawk home ranges averaged 104 ha in Milwaukee (Stout et al. 2006b ), and Cooper's hawk home ranges averaged 65 ha in Tucson (Mannan and Boal 2000) . Raptors might therefore select habitat at a scale larger than the individual habitat patches typically found in an urban landscape, and larger than the survey plots chosen for this study.
The goal of this study was to explore what business park developers and owners can do to enhance the quality of their habitat for raptors. We spoke with several business site managers or owners who expressed pleasure with the prospect of raptors at their site or told us about sightings that they or their employees had made on the site. Planning for raptors follows many of the same principles of green design that have been considered and implemented at business sites in America and Europe, such as setting aside green space and planting native grasses rather than turf lawns (Bormann et al. 2001; Snep 2009 ). Research also suggests that employees prefer more natural landscapes, particularly with trees, to the wide unbroken expanses of lawn favored by most business campuses (Kaplan 2007).
We visited many business parks with small undeveloped parcels, and very few that had specifically designated larger blocks of habitat within the business park. Snep (2009) noted that vacant lots are common in business parks as total occupancy by businesses is often not achieved and facilities tend to have short lifespans and become disused. He identified such parcels as a potential boon for certain bird and butterfly species that inhabit early successional landscapes. These are a component in the habitat for both the American kestrel and the redtailed hawk. Thus, it is possible that smaller areas of such non-lawn habitat throughout or on the edges of a business park could be adequate for presence of these birds. To plan for biodiversity, total occupancy by business should not be considered a goal. Retaining natural habitat on the edges of the development or on slopes, or along streams and rail corridors can contribute to biodiversity in the urban business park landscape (Marzluff and Ewing 2001) .
The raptor species that can be fostered in business park areas will depend on the landscape in and around the park site, as well as the larger ecological context in which the park and urban setting are embedded. This study's conclusions are therefore mainly focused on the Midwestern United States. In areas that are largely open grassland, rangeland, or agriculture, the American kestrel would be the most likely species to be encountered. With increasing amounts of trees in remnant or regrowing woodlands, or mature landscaping in residential areas, first red-tailed hawks, and then Cooper's hawks are likely to occupy the area. Regardless of the surroundings, however, maintaining tracts of native grassland and woodland, and limiting the amount of intensively managed lawn can increase the likelihood of observing these raptors hunting and/or nesting within business parks.
